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(54) DIAGNOSTIC DEVICE FOR VARIABLE VALVE TIMING MECHANISM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To diagnose a failure in a variable valve 
timing mechanism with high accuracy without being affected by 
detection errors of a crank-angle sensor and the like. 
SOLUTION: Crank-angular phase differences of phase detection 
signals detected from a predetermined angular position of a camshaft 
from a reference angular signal REF output from a crank-angular 
sensor are measured for a variable valve timing mechanism in its ON- 
or OFF-control conditions in S5 and S10 respectively. The deviation of 
the phase difference measured in the OFF-control from the phase 
difference measured in the ON-control is subsequently calculated to 
obtain a diagnostic parameter in S13. The diagnostic parameter which 
is smaller than a criterion value in S14 finds the variable valve timing 
mechanism to have a failure therein in S15. 
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1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] Diagnostic equipment of the adjustable valve timing device characterized by 
being the diagnostic equipment of the adjustable valve timing device which switches the 
phase of the cam shaft over a crankshaft based on a service condition, and switches the 
closing motion timing of ** and an exhaust air bulb to the timing corresponding to a service 
condition, detecting the phase contrast of a crankshaft and a cam shaft for every control 
state of said adjustable valve timing device, and diagnosing failure of said adjustable valve 
timing device based on the deflection of the phase contrast for this every control state. 
[Claim 2] It is the diagnostic equipment of the adjustable valve timing device which 
switches the phase of the cam shaft over a crankshaft based on a service condition, and 
switches the closing motion timing of ** and an exhaust air bulb to the timing 
corresponding to a service condition. A criteria include-angle detection means to output a 
criteria include-angle signal by the predetermined angular position of a crankshaft, A 
phase detection means to output a phase detecting signal by the predetermined angular 
position of a cam shaft, and a phase contrast detection means to detect the crank angle 
phase contrast from said criteria include-angle signal to said phase detecting signal for 
every control state of said adjustable valve timing device, A deflection operation means to 
calculate the deflection of the phase contrast for every control state detected with this 
phase contrast detection means, Diagnostic equipment of the adjustable valve timing 
device characterized by having compared the deflection calculated with this deflection 
operation means with the reference value set up beforehand, and being constituted 
including a troubleshooting means to diagnose the existence of failure of said adjustable 
valve timing device. 

[Claim 3] Diagnostic equipment of the adjustable valve timing device according to claim 2 
characterized by having a unit include-angle detection means to output a unit 
include-angle signal for every unit crank angle, and for said phase contrast detection 
means counting the occurrences of said unit include-angle signal of a before [ from said 
criteria include-angle signal / a phase detecting signal ], and detecting said crank angle 
phase contrast. 

[Claim 4] Diagnostic equipment of the adjustable valve timing device according to claim 3 
in which it has the free run counter which counts said unit include-angle signal, and said 
phase contrast detection means is characterized by detecting crank angle phase contrast 
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based on the value of the free run counter at the time of said criteria include-angle signal 
generation, and the value of the free run counter at the time of said phase detection signal 
generation. 

[Claim 5] Diagnostic equipment of the adjustable valve timing device according to claim 4 
characterized by using the value which was equipped with the reference signal period 
counter which is a counter which counts said unit include-angle signal, and is cleared for 
said every criteria include-angle signal, and subtracted the value of said reference signal 
period counter from the value of said free run counter as a value of the free run counter at 
the time of criteria include-angle signal generation. 

[Claim 6] Diagnostic equipment of the adjustable valve timing device of any one 
publication of claim 2-5 in which said phase contrast detection means is characterized by 
reading the phase detecting signal from said two or more phase detection means 
independently of mutual, and detecting phase contrast for every cam shaft and every 
control state while it has said adjustable valve timing device for two or more cam shafts of 
every and has said phase detection means for said two or more cam shafts of every. 
[Claim 7] Diagnostic equipment of the adjustable valve timing device of any one 
publication of claim 2-6 characterized by establishing a diagnostic entry means to set up 
restrictively the crank angle range which detects said phase contrast based on the phase 
detecting signal from said phase detection means based on the criteria include-angle signal 
from said criteria include-angle detection means. 

[Claim 8] Diagnostic equipment of the adjustable valve timing device according to claim 7 
characterized by establishing a diagnostic authorization means to perform troubleshooting 
by said troubleshooting means based on this phase detecting signal in the crank angle 
range which detects said phase contrast set up with said diagnostic entry means only when 
only one phase detecting signal from said phase detection means is detected. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment which diagnoses whether 
the change of said phase is performed normally in the adjustable valve timing device which 
switches the phase of the cam shaft over an internal combustion engine's crankshaft based 
on a service condition, and switches the closing motion timing of** and an exhaust air bulb 
to the timing corresponding to a service condition in detail about the diagnostic equipment 
of an adjustable valve timing device. 
[0002] 

[Description of the Prior Art] There were some which are indicated by JP,4-112908,A as 
diagnostic equipment in the adjustable valve timing device of a configuration of switching 
the phase of a crankshaft and a cam shaft and controlling the closing motion timing of ** 
and an exhaust air bulb conventionally. This thing was equipped with the sensor which 
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detects the predetermined angular position of a crankshaft, and the sensor which detects 
the predetermined angular position of a cam shaft, searched for the crank angle phase 
contrast of a crankshaft and a cam shaft based on the detecting signal from these sensors, 
and had become the configuration of performing troubleshooting based on whether this 
crank angle phase contrast being a value corresponding to the control state of an 
adjustable valve timing device. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, if the error of a detection location is 
in the sensor which detects whenever [ crank angle ], or the sensor which detects the phase 
of a cam shaft in the above-mentioned conventional diagnostic equipment, since dispersion 
will arise in the phase contrast detected, Troubleshooting has done enough noting that 
expected phase contrast is not acquired, even if it is a time of operating normally, and 
although it is in the condition that expected phase contrast is not acquired, conversely 
There was **** diagnosed as it being in a normal range, and there was a problem that it 
was difficult to diagnose the error of a minute phase angle with a sufficient precision. 
[0004] Even if this invention is made in view of the above-mentioned trouble and an error 
is in the detection location by the sensor, it aims at offering the diagnostic equipment 
which can diagnose with a sufficient precision whether the change of the phase contrast of 
the crankshaft and cam shaft by the adjustable valve timing device is performed normally. 
Moreover, detection of phase contrast aims at offering the diagnostic equipment which can 
be performed simple and with high precision, avoiding the effect of said sensor error. 
[0005] 

[Means for Solving the Problem] Therefore, invention according to claim 1 is the diagnostic 
equipment of the adjustable valve timing device which switches the phase of the cam shaft 
over a crankshaft based on a service condition, and switches the closing motion timing of** 
and an exhaust air bulb to the timing corresponding to a service condition, detects the 
phase contrast of a crankshaft and a cam shaft for every control state of said adjustable 
valve timing device, and is characterized by diagnosing failure of said adjustable valve 
timing device based on the deflection of the phase contrast for this every control state. 
[0006] Invention according to claim 2 is the diagnostic equipment of the adjustable valve 
timing device which switches the phase of the cam shaft over a crankshaft based on a 
service condition, and switches the closing motion timing of ** and an exhaust air bulb to 
the timing corresponding to a service condition, and as shown in drawing 1 , it is 
constituted. In drawing 1 , a criteria include-angle detection means outputs a criteria 
include-angle signal by the predetermined angular position of a crankshaft. Moreover, a 
phase detection means outputs a phase detecting signal by the predetermined angular 
position of a cam shaft. 

[0007] And a phase contrast detection means detects the crank angle phase contrast from 
said criteria include-angle signal to said phase detecting signal for every control state of 
said adjustable valve timing device, and a deflection operation means calculates the 
deflection of the phase contrast for every control state detected with the phase contrast 
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detection means. Here, a troubleshooting means compares the deflection calculated with 
the deflection operation means with the reference value set up beforehand, and diagnoses 
the existence of failure of said adjustable valve timing device. 

[0008] According to the configuration of said claim 1 and claim 2, even if an error is in the 
phase contrast detected for every control state, the effect of said error will be eliminated by 
asking for the deflection of the phase contrast detected for every control state, with the 
angle of rotation of the cam shaft by the adjustable valve timing device will be detected 
with a sufficient precision. In invention according to claim 3, it had a unit include-angle 
detection means to output a unit include-angle signal for every unit crank angle, said 
phase contrast detection means counted the occurrences of said unit include-angle signal of 
a before [ from said criteria include-angle signal / a phase detecting signal ], and it 
considered as the configuration which detects said crank angle phase contrast. 
[0009] according to this configuration - said unit crank angle - min - crank angle phase 
contrast will be detected as resolution. In invention according to claim 4, it had the free 
run counter which counts said unit include-angle signal, and said phase contrast detection 
means considered as the configuration which detects crank angle phase contrast based on 
the value of the free run counter at the time of said criteria include-angle signal generation, 
and the value of the free run counter at the time of said phase detection signal generation. 
[0010] According to this configuration, the occurrences of the unit include-angle signal 
from a criteria include-angle signal to a phase detecting signal will be calculated by 
subtracting the value of the free run counter at the time of said criteria include-angle 
signal generation from the value of the free run counter at the time of said phase detection 
signal generation. In invention according to claim 5, it had the reference signal period 
counter which is a counter which counts said unit include angle signal, and is cleared for 
said every criteria include-angle signal, and the value which subtracted the value of said 
reference signal period counter from the value of said free run counter was considered as 
the configuration used as a value of the free run counter at the time of criteria 
include-angle signal generation. 

[0011] When searching for crank angle phase contrast on the basis of the time of a specific 
criteria include-angle signal according to this configuration Even if the processing which 
distinguishes whether it is that from which a criteria include-angle signal serves as 
criteria of said phase detection is the case where it performs behind time from the time of 
generating of a criteria include-angle signal If the value of a reference signal period 
counter is subtracted from the value of the free run counter in the time of the criteria 
include-angle signal which should serve as criteria of phase detection being distinguished, 
the value of the free run counter at the time of reference signal generating used as the 
criteria of phase detection can be detected. 

[0012] In invention according to claim 6, while it had said adjustable valve timing device 
for two or more cam shafts of every and had said phase detection means for said two or 
more cam shafts of every, said phase contrast detection means read the phase detecting 
signal from said two or more phase detection means independently of mutual, and 
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considered as the configuration which detects phase contrast for every cam shaft and every 
control state. The diagnosis for every bank will be performed without according to this 
configuration, the phase detecting signal from one bank affecting detection of the phase 
contrast in other banks, for example in a V type internal combustion engine, when it has 
an adjustable valve timing device for every bank. 

[0013] In invention according to claim 7, it considered as the configuration which 
establishes a diagnostic entry means to set up restrictively the crank angle range which 
detects said phase contrast based on the phase detecting signal from said phase detection 
means based on the criteria include-angle signal from said criteria include angle detection 
means. In the configuration to which according to this configuration detect the detected 
part (a height or cavity) prepared in the cam shaft, and a phase detecting signal is made to 
output with a magnetometric sensor for example Even if it seems that said magnetometric 
sensor induces parts other than an original detected part, and a detecting signal may be 
outputted, the range where the output of the phase detecting signal corresponding to an 
original detected part is planned by specifying as diagnostic range It becomes possible to 
make it diagnose, without being influenced by the detecting signal which induced parts 
other than said detected part. 

[0014] In invention according to claim 8, in the crank angle range which detects said phase 
contrast set up with said diagnostic entry means, only when only one phase detecting 
signal from said phase detection means was detected, it considered as the configuration 
which establishes a diagnostic authorization means to perform troubleshooting by said 
troubleshooting means based on this phase detecting signal. When two or more phase 
detecting signals are detected at diagnostic within the limits set up as that to which only 
one phase detecting signal is originally outputted according to this configuration, it is 
possible to presume what the fake phase detecting signal has generated, and to stop a 
diagnosis by superposition of a noise etc. Moreover, when a phase detecting signal is not 
detected at all at said diagnostic within the limits, failure of a phase detection means etc. is 
assumed and it is possible also at this time to stop a diagnosis. 
[0015] 

[Effect of the Invention] According to invention claim 1 and given in two, even if an error is 
in the detection result of the phase contrast for every control state, the effect of said error 
is eliminated and it is effective in the ability to diagnose whether the change of phase 
contrast is normally performed by the adjustable valve timing device. According to 
invention according to claim 3, it is effective in the crank angle phase contrast of a 
crankshaft and a cam shaft being detectable simple at counting a unit include-angle signal. 
[0016] according to invention according to claim 4, it is effective in the crank angle phase 
contrast of a crankshaft and a cam shaft being detectable simple by looking like [ the time 
of criteria include-angle signal generation and phase detection signal generation ] the 
value of the free run counter which counts a unit include-angle signal, respectively, and 
sampling it. According to invention according to claim 5, even if the decision which 
performs detection of phase contrast is late for the time of generating of a criteria 
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include-angle signal, the value of the free run counter at the time of criteria include-angle 
signal generation is detected, and there is effectiveness of the ability to make phase 
contrast detect. 

[0017] According to invention according to claim 6, it is effective in the ability to diagnose a 
cam shaft with a sufficient precision for every adjustable valve timing device in two or 
more preparations and the engine with which it has an adjustable valve timing device for 
every cam shaft. According to invention according to claim 7, it avoids that the angular 
position of a cam shaft is incorrect-detected by limiting the diagnostic range, and is 
effective in accuracy being securable. 

[0018] According to invention according to claim 8, it avoids that phase contrast is 
incorrect-detected by superposition of a noise, or failure of a phase detection means, and is 
effective in the accuracy of an adjustable valve timing device being maintainable. 
[0019] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained below. 
It shall have an adjustable valve timing device as drawing 2 been drawing showing the 
adjustable valve timing device of this operation gestalt, and the internal combustion 
engine with which it has this adjustable valve timing device been a V type internal 
combustion engine which had independently the inspired air flow path cam shaft and the 
exhaust side cam shaft for every bank, respectively and shown in the inspired air flow path 
cam shaft of each bank at drawing 2 , respectively. 

[0020] The adjustable valve timing device shown in this drawing 2 is attached to the 
inspired air flow path cam sprocket 1, and is constituted by the phase change device 3 
which switches the phase of a crankshaft (illustration abbreviation) and the inspired air 
flow path cam shaft 2, the adjustable valve timing control solenoid 4 which controls supply 
of the oil pressure of operation to this phase change device 3, and the control unit 5 which 
outputs the control signal of turning on and off to this adjustable valve timing control 
solenoid 4. 

[0021] As shown in drawing 3 and drawing 4 , said adjustable valve timing control solenoid 
4 retreats in the direction in which said rod 11 approaches a solenoid in the state of OFF 
(un-energizing) of the solenoid body (illustration abbreviation) prepared in the end face 
side ( drawing 3 R> 3 and drawing 4 upper part side), and is extended in the state of ON 
(energization) of a solenoid in the direction in which said rod 11 separates from a solenoid. 
[0022] To the point of the housing 12 supported on the other hand so that said rod 11 might 
be surrounded The tubed valve element 13 which is guided at the inner skin of this 
housing 12, and moves to shaft orientations is installed inside. This valve element 13 is 
energized by the coil spring 14 infixed between said housing 12 points at the rod 11 side, 
and a valve element 13 contacts rod 11 apical surface according to this energization force. 
By this A valve element 13 is interlocked with the attitude of a rod 11, and moves to shaft 
orientations. 

[0023] Moreover, opening of the introductory hole 15 for introducing the hydraulic oil fed 
from the hydraulic power unit which is not illustrated in the space surrounded by housing 
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12 inner circumference and the valve element 13 inside is carried out to the tip side 
peripheral wall of said housing 12. Moreover, opening of the free passage hole 16 for 
discharging the hydraulic oil introduced through the introductory hole 15 to the space 
surrounded by housing 12 inner circumference of valve element 13 outside and rod 11 
periphery is carried out to the valve element 13. Furthermore, opening of the drain 17 
which attends the space surrounded by housing 12 inner circumference and rod 11 
periphery is carried out to the peripheral wall of housing 12. 

[0024] Here, in the state of OFF (un-energizing) of the adjustable valve timing control 
solenoid 4, when a rod 11 retreats to a solenoid side, in this condition, a valve element 13 
separates from housing 12 tip, and the peripheral wall and said introductory hole 15 of a 
valve element 13 do not interfere, but hydraulic oil receives, is introduced in housing 12, 
moves said introductory hole 15 through the free passage hole 16 within housing 12, and is 
discharged from a drain 17. 

[0025] Since a valve element 13 will descend towards housing 12 tip and the peripheral 
wall of a valve element 13 will, on the other hand, blockade said introductory hole 15 from 
the inside in the state of ON (energization) of the adjustable valve timing control solenoid 4 
when a rod 11 is extended to a valve element 13 side, hydraulic oil will be in the condition 
of not being discharged through a drain 17. The fluid passage 18 which is open for free 
passage to said introductory hole 15 is open for free passage to the fluid passage of the 
phase change device 3 by the upstream, and in the OFF state of a solenoid 4, if oil pressure 
does not act on the phase change device 3, but a solenoid 4 is turned on and a drain 17 is 
closed by discharging hydraulic oil through said drain 17, oil pressure will act on the phase 
change device 3. 

[0026] Said fluid passage 18 is open for free passage to the fluid passage 19 established in 
the cam shaft 2, before resulting in said solenoid 4, and a solenoid 4 arrives at the front 
face of the plunger 21 of cam sprocket 1 built-in via the fluid passage 20 where the 
hydraulic oil supplied to said fluid passage 19 was prepared in the cam sprocket 1 in the 
condition that hydraulic oil is not discharged from a solenoid 4 side by the ON state. And 
the hydraulic oil which arrived at the front face of a plunger 21 acts so that a plunger 21 
may be forced on a cam shaft 2 side with the oil pressure. 

[0027] Since said plunger 21 has geared with the cam sprocket 1 and the cam shaft 2 by the 
helical gear 22, when it is pushed by said oil pressure, it moves to shaft orientations to a 
stopper location, rotating, and at this time, since the cam sprocket 1 is being fixed by the 
timing chain which is not illustrated, a cam shaft 2 side will rotate with a plunger 21, the 
relative position of the hoop direction of the cam sprocket 1 and a cam shaft 2 will change, 
and the phase of a result, a crankshaft, and a cam shaft will change. 

[0028] On the other hand, when the control solenoid 4 is turned off, by discharging 
hydraulic oil through the drain 17 of a solenoid 4, the force which forces said plunger 21 on 
a cam shaft 2 side will be lost, and said plunger 2 1 will return to the location of the origin 
which is separated from a cam shaft 2 side with the energization force of a return spring 23. 
Thus, by the adjustable valve timing device of this operation gestalt, by changing the 
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phase to the crankshaft of the inspired air flow path cam shaft 2, as the phase of an 
inspired air flow path cam is changed with actuation angle regularity and it is shown in 
drawing 5 (a) and (b), in the OFF state of a solenoid 4, the open timing of an intake valve is 
rash, the open timing of an intake valve is rash by the ON state of a solenoid 4 to delay and 
reverse, and the amount of overlap with an exhaust air bulb increases. 
[0029] Turning on and off of said SORENODO 4 is controlled by the control signal from a 
control unit 5. In order to make said solenoid 4 turn on and off according to an engine's 
service condition and to change the closing motion timing of an intake valve according to a 
service condition, the criteria include-angle signal REF from the crank angle sensor 31, the 
unit include-angle signal POS, the water temperature signal Tw from a coolant 
temperature sensor 32, the intake-air-flow signal Q from an air flow meter 33, etc. are 
inputted into a control unit 5. 

[0030] Said crank angle sensor 31 is supported to revolve by the exhaust side cam shaft 
with which the adjustable valve timing device of one bank is not established, and consists 
of an exhaust side cam shaft, a signal plate which rotates to one and the sensor section 
which detects optically the slit formed in this signal plate. The slit prepared in said signal 
plate consists of a slit group for unit signals formed in the hoop direction for every unit 
include angle, and a slit group for reference signals formed in the hoop direction at 
intervals of 60 degrees in the 6-cylinder engine, and the two sensor sections are also 
prepared independently that these two slit groups should be detected to each. And while 
outputting the unit include-angle signal POS for every unit crank angle by detecting said 
slit for unit signals, the criteria include-angle signal REF for whenever [ criteria crank 
angle / every (every / If it is 6-cylinder / 120 **CA) ] is outputted by detecting said slit for 
reference signals. Here, said slit for reference signals is formed in width of face which is 
mutually different, the pulse width of said criteria include-angle signal REF changes for 
every gas column with these, and gas column distinction can be performed now by 
distinguishing the pulse width of the criteria include-angle signal REF. 
[0031] Here, the engine rotational speed Ne is computable measuring the period of said 
criteria include-angle signal REF, or by counting the occurrences of said unit include-angle 
signal POS per unit time amount. In addition, said crank angle sensor 31 will be 
equivalent to a criteria include-angle detection means and a unit include-angle detection 
means. 

[0032] Based on service conditions, such as said intake air flow Q, the engine rotational 
speed Ne, and water temperature Tw, the control unit 5 which builds in a microcomputer 
determines turning on and off of a solenoid 4, and outputs the on-off control signal 
according to this decision to the solenoid 4 of each bank. Furthermore, the control unit 5 
has the function to perform troubleshooting of the adjustable valve timing device of the 
above-mentioned configuration for every bank, and the magnetometric sensor 35 as a 
phase detection means to output a detecting signal (henceforth a phase detecting signal) by 
the predetermined angular position of a cam shaft is formed in the inspired air flow path 
cam shaft 2 of each bank in which said adjustable valve timing device was prepared for 
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[0033] The edge in which the adjustable valve timing device of a cam shaft 2 is prepared is 
established in the edge of the opposite side, and said magnetometric sensor 35 detects 
cavity 2a (good also at a height) formed in the predetermined angular position of a cam 
shaft 2, and outputs a phase detecting signal. As shown in drawing 6 , corrugating of the 
phase detecting signal from the magnetometric sensor 35 formed for said every bank is 
carried out to the pulse signal which starts to each at the point crossing [ 0 ] by the 
corrugating circuit 36 (or it falls), and the register with which the value of the free run 
counter (for example, 2 bytes of counter) with which the phase detecting signal after said 
corrugating is input into CPU37 as a capture input, respectively, and counts said unit 
include angle signal POS was established corresponding to each bank by make the 
standup (or falling) edge of said capture input signal into a trigger ■• its it it is constitute 
so that a capture may be carry out (refer to drawing 9 ). 

[0034] In this operation gestalt, the phase detecting signal (BARUSU signal after 
corrugating) from said each magnetometric sensor 35 and the criteria include-angle signal 
REF from said criteria crank angle sensor 31 are set up so that it may be outputted by 
correlation as shown in drawing 9 . That is, also in any of ON control state of a solenoid 4, 
and an OFF control state, it shall generate between the criteria include angle signal REF 
corresponding to # 6-cylinder, and the criteria include-angle signal REF corresponding to # 
4-cylinder, and, below, the phase detecting signal of both blowouts shall be used as a signal 
which makes the criteria include-angle signal REF corresponding to the aforementioned # 
6-cylinder the criteria of phase detection which show the predetermined angular position 
of a crankshaft. 

[0035] Below, the situation of troubleshooting in a control unit 5 is explained based on the 
diagnostic routine shown in the flow chart of drawing 7 . In addition, the routine which the 
diagnostic routine shown in the flow chart of drawing 7 shows contents common to each 
bank, and is shown in drawing 7 , using respectively the phase detecting signal 
independently inputted for every bank shall be performed in parallel. 

[0036] Based on the standup of the criteria include-angle signal REF, interruption 
activation of the flow chart of drawing 7 is carried out, and first, by Si, the criteria 
include-angle signal REF which became the foundation of this interruption activation 
distinguishes whether it is a signal corresponding to # 4-cylinder shown in drawing 9 , and 
in not being the criteria include-angle signal REF corresponding to # 4-cylinder, it 
terminates this routine as it is. On the other hand, since the phase detecting signal should 
be detected in the period before that as shown in drawing 9 when it is the criteria 
include-angle signal REF corresponding to # 4-cylinder, it progresses to S2 and 
distinguishes whether it is ON control state of said solenoid 4. 

[0037] And when it is ON control state, it progresses to S3 and distinguishes whether the 
crank angle phase contrast of the crankshaft in ON control state and a cam shaft is 
measurement ending. When measurement of the phase contrast in ON control state is 
unfinished, it progresses to S4 and distinguishes whether diagnostic authorization 
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conditions are satisfied. It is desirable to permit a diagnosis, when only one phase 
detecting signal is detected for every bank here from the criteria include -angle signal REF 
corresponding to # 6-cylinder [ which is the generating range of said phase detecting 
signal ] before the criteria include-angle signal REF corresponding to # 4-cylinder (it 
abbreviates to the diagnostic range hereafter.) (diagnostic entry means). 
[0038] With this operation gestalt, without being concerned with ON of a solenoid 4, and 
OFF namely, a phase detecting signal Since it is outputted only once to said diagnostic 
within the limits, when the output of multiple times is in diagnostic within the limits Since 
it can be judged as what the noise superimposed on output Rhine of a phase detecting 
signal, and the fake phase detecting signal has generated and the phase of a cam shaft 
cannot be detected correctly in this case, a diagnosis shall not be permitted. Moreover, 
since failure of failure of a magnetometric sensor 35, an open circuit of output Rhine of a 
phase detecting signal, etc. is presumed and the phase of a cam shaft cannot be detected 
also in this case when a phase detecting signal is not detected at all at said diagnostic 
within the limits, a diagnosis shall not be permitted (diagnostic authorization means). 
[0039] Moreover, it is desirable that it is contingent [ on performing troubleshooting of the 
crank angle sensor 31 separately, and the crank angle sensor 31 not being out of order as 
diagnostic conditions, ]. Furthermore, it is desirable that it is contingent [ on being within 
the limits to which water temperature and engine rotational speed were set beforehand the 
condition / having passed above predetermined time, after switching to ON control state, 
and the phase change being certainly completed in an adjustable valve timing device ]. 
[0040] If a diagnosis is permitted, it will progress to S5 and the occurrences of the unit 
include-angle signal POS from the criteria include-angle signal REF corresponding to # 
6-cylinder to a phase detecting signal will be calculated as crank angle phase contrast of a 
crankshaft (cam sprocket) and a cam shaft. This part of S5 is equivalent to a phase 
contrast detection means. Specifically, the deflection of the value (reference value) of said 
free run counter in the timing to which the criteria include-angle signal REF 
corresponding to the aforementioned # 6-cylinder was outputted and the value of the free 
run counter by which a capture is carried out to a register by making said phase detecting 
signal into a trigger, i.e., the value of the free run counter at the time of phase detection 
signal generation, is calculated as crank angle phase contrast. 

[0041] Said reference value is calculated according to the flow chart shown in drawing 8 . 
Interruption activation of the flow chart of drawing 8 is carried out at the time of 
generating of the criteria include-angle signal REF, and it distinguishes first whether this 
criteria include-angle signal REF is a thing corresponding to # 6-cylinder by S21. And 
when it is the criteria include-angle signal REF corresponding to # 6-cylinder, it progresses 
to S22 and the result of having subtracted the counter (reference signal period counter) 
value cleared for every criteria include-angle signal REF from the value of the free run 
counter at that time although the unit include-angle signal POS was similarly counted is 
set to a reference value as a value of a free run counter when the criteria include-angle 
signal REF corresponding to the aforementioned # 6-cylinder occurs. 



10/13 



Japanese Publication number : 10*018869 A 



[0042] Thus, even if the configuration which calculates the value of the free run counter at 
the time of REF generating corresponding to # 6-cylinder, then the routine shown in the 
flow chart of drawing 8 may be performed behind time by activation of the high 
interruption routine of other priority from generating of the criteria include-angle signal 
REF, the value of the free run counter at the time of REF generating corresponding to # 
6-cylinder can be detected. 

[0043] In addition, although it is possible to also make phase contrast detect only using the 
value of the counter cleared for every criteria include-angle signal REF In that case, since 
a counter will be cleared at the time of the criteria include-angle signal corresponding to #5 
cylinder shown in drawing 9 , it distinguishes whether a phase detecting signal is 
outputted before said clearance, or it is outputted later. It is more desirable to use said free 
run counter, since it is needed to make phase contrast calculate. 

[0044] however, by the time a phase detecting signal occurs from # 6-cylinder REF, when a 
free run counter returns to 0 in drawing 9 Usually, since it becomes impossible to detect 
phase reference to the extent that it is alike, the value of the free run counter at the time of 
# 6-cylinder REF generating used as the criteria of phase detection is received. When the 
value of the free run counter by which the capture was carried out at the time of phase 
detection signal generation is small, it is desirable to add processing of KYASERU [ a 
diagnosis ] etc. 

[0045] Moreover, it considers as the configuration which makes a counter clear, and you 
may make it a counter not return from # 6-cylinder REF to 0 before REF of # 4-cylinder 
only at the time of generating of criteria include-angle signals REF other than the criteria 
include-angle signal REF of the criteria include-angle signal REF outputted except said 
diagnostic field, #4 [ i.e., ], #5, and #6. Furthermore, in the configuration the capture of the 
value of a free run counter is carried out [ configuration ] to a register by making the 
standup of said phase detecting signal into a trigger, even if it makes it into the mask 
period of a phase detecting signal except said diagnostic range and a phase detecting signal 
occurs except the diagnostic range, it is desirable that the capture of the value of the 
counter at that time is made not to be carried out to a register. 

[0046] In S6, the flag which shows that detection of the crank angle phase contrast in ON 
control state was completed is set. In S7, it distinguishes whether measurement of the 
crank angle phase contrast in an OFF control state is completed. When measurement by 
the OFF control state is not completed, it waits for distinction of the OFF control state of 
S2, and progresses to S8-S12, and crank angle phase contrast is made to measure like the 
time of ON control here. 

[0047] That is, if it distinguished whether measurement of the phase contrast in an OFF 
control state would be completed in S8, and progressed to S9, formation of diagnostic 
authorization conditions was made to distinguish and authorization conditions are 
satisfied when having not ended, it will progress to S10 which functions as a phase 
contrast detection means, and phase contrast will be made to calculate. And the flag which 
shows that measurement is completed about the phase contrast in an OFF control state is 
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set, and it distinguishes whether the phase contrast in ON control state is measurement 
ending by S 12 SI 1. 

[0048] By it, distinction of that the both sides of the phase contrast in ON control state and 
the phase contrast in an OFF control state are measurement ending of distinction by S7 or 
S12 advances it to S13 which functions as a deflection operation means. In addition, it is 
desirable to make the phase contrast in ON control state and the phase contrast in an OFF 
control state measure over multiple times, respectively, and to make each average compute. 
Moreover, you may make it make an average value calculate in the operation of an average 
value based on the data except the maximum data and the minimum data in two or more 
phase contrast data. 

[0049] In S13, the deflection of the phase contrast searched for by the OFF control state 
and the phase contrast searched for by ON control state is computed as a diagnostic 
parameter. This diagnostic parameter will show the crank angle phase contrast between 
the phase detecting signal in ON control state, and the phase detecting signal in an OFF 
control state. In S14, said diagnostic parameter and criterion value are compared, when a 
diagnostic parameter is under a criterion value, it progresses to S15, failure generating of 
an adjustable valve timing device is judged, and the alarm of the generating of failure is 
carried out to an operator with alarm means, such as a lamp. 

[0050] On the other hand, when said diagnostic parameter is beyond a criterion value, it 
progresses to S16 and the all seems well of an adjustable valve timing device is judged. The 
part of the above S14-S16 is equivalent to a troubleshooting means. If said adjustable valve 
timing device is the thing of a device which rotates 10 degrees of cam shafts, for example, 
said diagnostic parameter When it was always [ forward ] and the diagnostic parameter 
which should become said value of 10 degrees and is equivalent to an include angle sharply 
smaller than 10 degrees is computed Even if it carries out ONOFF control of the 
adjustable valve timing device, expected phase change width of face will be obtained in fact, 
and a certain failure generating is presumed. 

[0051] For example, as shown in drawing 9 , at the time of normal OFF actuation when it 
is 30 degrees, the diagnosis is possible [ the crank angle phase contrast from the # 
6-cylinder criteria include-angle signal REF to the standup of a phase detecting signal is 
20 degrees at the time of normal ON actuation of an adjustable valve timing device, and ] 
also by judging whether actual phase contrast is 20 degrees or 30 degrees. However, if with 
error at the generating stage of the detection location of a magnetometric sensor 35, or the 
criteria include-angle signal REF, an adjustable valve timing device may carry out the 
misjudgment law of the failure, without said phase contrast becoming 20 degrees or 30 
degrees, although it is operating normally. On the other hand, an accurate diagnosis can 
be performed, even if the effect of said error is eliminated, and it can search for the actual 
angle of rotation of the cam shaft by the adjustable valve timing device by asking for 
deflection since it has the influence of with error on each phase contrast equally, if it is the 
configuration of asking for the deflection of the phase contrast in ON control state, and the 
phase contrast in an OFF control state, with there is a sensor error like this operation 
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[0052] In addition, it is clear that it may be a serial engine and the adjustable valve timing 
device made applicable to diagnostic may be the engine which it has only one although the 
V-type engine was made into the example in the above, and the diagnostic range of change 
[ with correlation with the detection location and the criteria include-angle signal REF by 
the magnetometric sensor ] is clear. Moreover, when a diagnosis is forbidden, a key switch 
is turned on and an engine is resumed after normal or the judgment result of failure was 
given until a key switch is turned off, it is good to make it make it diagnose again. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The basic configuration block Fig. of the diagnostic equipment concerning 
invention according to claim 2. 

[Drawing 21 The system configuration Fig. of the adjustable valve timing device in an 
operation gestalt. 

[Drawing 3] Drawing showing the condition of the oil pressure path in the ON control state 
of said adjustable valve timing device. 

[Drawing 4] Drawing showing the condition of the oil pressure path in the off control state 
of said adjustable valve timing device. 

[Drawing 5] It is drawing in which it is drawing showing the closing motion timing of the 
intake valve in said adjustable valve timing device, and (a) shows the closing motion 
timing of an off control state, and (b) shows the closing motion timing of an ON control 
state. 

[Drawing 6] The block diagram showing the processing circuit of the phase detecting signal 
in an operation gestalt. 

[Drawing 7] The flow chart which shows the diagnostic routine in an operation gestalt. 
[Drawing 81 The flow chart which shows the routine for calculating the reference value of 
the phase detection in an operation gestalt. 

[Drawing 9] The timing diagram which shows correlation of the criteria include-angle 
signal REF in an operation gestalt, a phase detecting signal, and a POS counter. 
[Description of Notations] 

1 Cam Sprocket 

2 Cam Shaft 

3 Phase Change Device 

4 Adjustable Valve Timing Control Solenoid 

5 Control Unit 

31 Crank Angle Sensor 

32 Coolant Temperature Sensor 

33 Air Flow Meter 

35 Magnetometric Sensor 



13/13 



